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(54) CURRENT OUTPUT TYPE D/A CONVERTER CIRCUIT 

PURPOSE^Tfset the variable range of the output current optional by 
coveting a reference current source to a 1st current mirror circuit 
using an SuJput of a 1st amplifier for a reference potential application 
po nt and giving 1st to n-th outputs of a 2nd current mirror circuit to n- 
sets of weighting terminals of an R-2R resistor ladder circuit. 
Swrmm«: A current of a reference current source 1 is give to a 1 t 
current mirror circuit comprising trans istors(TRs) 2-3 and resistors o /. 
Us 1st output is inputted to a current-voltage circuit comprising a 

I istor 9 and an amplifier 8, in which the output is converte nt 
vnltase and it is used for a reference voltage for an R ZK laaaer circurt 
comprising resistors 24-29. A 2nd output of the 1st current mirror circuit 
?H ven to a 2nd current mirror circuit having n-sets of outputs 
™i Hsine TRs 10-14 and resistors 15-19 and n-sets of outputs are given to 

°-S; S o? g coSro? current terminals to the ^resistor lad er circuit via 
switches 20-23 to decide an output voltage of the R-2R resistor laaaer 
ci rcuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to a current-output mold digital to 
analog circuit about a digital to analog circuit. 

[0002] There is a circuit which generally controls the output current by the digital input signal 
based on the reference current inputted as a current-output mold digital to analog circuit. 
[0003] An example of the conventional current-output mold digital to analog circuit is shown in 
drawing 2 . 

[0004] In drawing, it constitutes from a transistor 36 of the same configuration, a transistor 37, 
and resistance 38 and resistance 39 of the same resistance, the input of said current Miller circuit 
is connected to the source 1 of reference current in the 1st current Miller circuit which connected 
one terminal of resistance 38 and resistance 39 to the power supply terminal, and an output is 
connected to the input of the 2nd current Miller circuit. 

[0005] The 2nd current Miller circuit carries out through touch-down of the transistor 40 and 
resistance 45 used as the input of current Miller circuit. The 1st output outputs the same current 
as the same transistor 41 and the resistance 45 as a transistor 40, the resistance 46 of the same 
resistance, and the source of reference current constituted from a circuit grounded with the 
switch 20 controlled by the 1st bit of a digital input signal. The 2nd output is constituted from a 
circuit grounded with the switch 21 controlled by the transistor 42 twice the area of a transistor 
40, one half of the resistance 47 of a value of resistance 45, and the 2nd bit of a digital input 
signal. Output a twice as many current as the source of reference current, and constitute the 3rd 
output from a circuit grounded with the switch 22 controlled by the transistor 43 with a transistor 
4 times the area of 40, one fourth of the resistance 48 of resistance of resistance 45, and the 3rd 
bit of a digital input signal, and it outputs a 4 times as many current as the source of reference 
current. The n-th output is 2n-l of a transistor 40 similarly. A twice as many area as this 2n-l of 
the transistor 44 which it has, and resistance 45 a part — the circuit grounded with the switch 23 
controlled by the resistance 49 of the resistance of 1 , and the n-th bit of a digital input signal — 
constituting — 2n-l of the source of reference current It constitutes from a circuit which outputs a 
twice as many current as this. It has the output terminal which connects from the 1st output of 
the 2nd current Miller circuit to the n-th output to all. 
[0006] Next, actuation of the conventional example is explained. 

[0007] The digital input signal constituted from n bits is inputted into each switch. If only the 
signal of the 1st bit is set to H, a switch 20 will turn on and the same current as the source of 
reference current will flow to an output terminal. If only the signal of the 2nd bit is set to H, a 
switch 21 turns on, a twice as many current as the source of reference current flows to an output 
terminal and the 1st bit and 2nd bit turn on simultaneously, a 3 times as many current as the 
source of reference current will flow to an output terminal. If all the n bits turn on similarly, - 1 
time as many 2n current as this will be the digital to analog circuit which flows to an output 
terminal. 

[0008] Therefore, it is IOUT about the current which flows to an output terminal. If it carries out 
and the current value of the source of reference current is set to Iref, it can express with a degree 
type. 
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[0009] IOUT =Iref (Z1+2Z2+4Z3+ +2n-l Zn) 

Zn The n-th bit substitutes 0 at the time of 1 and OFF at the time of ON. 
[0010] 

[Problem(s) to be Solved by the Invention] In this conventional current-output mold digital to 
analog circuit, the current value which only control of the current value of an integral multiple 
can be performed based on the current value of the source of reference current, and cannot 
choose the adjustable range as arbitration, and carries out adjustable has the problem limited by 
the current value of the source of reference current. 

[001 1] Moreover, if the surface ratio of the transistor which constitutes current Miller circuit 
becomes important in order to obtain the linearity of the output current and the bit of a digital 
input signal increases, in order for the transistor which constitutes current Miller circuit to 
increase exponentially and to carry out adjustable [ of the very small range ], the current value of 
the source of reference current needs to lessen, and there is a problem said that the resistance 
which constitutes current Miller circuit becomes large. 

[0012] Next, if a actual value is put in and it explains to a detail, the current input-current-output 
mold digital to analog circuit which carries out adjustable [ of the output current value ] between 
ISmicroA and 30microA by the digital input signal of four bits will be considered. 
[0013] Although change of lmicroper step A will be needed and the digital input signal of four 
bits will make this the current value of the source of reference current if the current value which 
carries out adjustable is broken by the adjustable step since it serves as setting out of 16 steps 
Since adjustable [ from OmicroA to ISmicroA ] is made in case of as it is, it is necessary to 
connect the current source of 15microA to an output terminal in addition to the source of 
reference current, and adjustable [ from ISmicroA to 30microA ] becomes possible by using this 
2nd current source. 

[0014] Next, when considering the resistance which constitutes current Miller circuit using it 
inside IC, when the current value of the source of reference current sets to lmicroA,-two 
resistance of 300Kohm is needed [ considering a transistor and the variation of resistance, it is 
necessary to set the electrical potential difference generated to the ends of resistance as about 
0.3V, and ] in the 1st current Miller circuit. 

[0015] Moreover, the resistance whose resistance of 300Kohm is 2 and ISOKohm is [ many 
resistance of high resistance, such as one, ] needed, and an activity by IC has unreasonableness 
even in the 2nd current Miller circuit. 
[0016] 

[Means for Solving the Problem] The current-output mold digital to analog circuit of this 
invention connects the source of reference current to the collector of the 1st transistor used as the 
input of the 1st current Miller circuit with two outputs. The emitter of three transistors which 
constitute said 1st current Miller circuit is connected to a power supply terminal through 
resistance. The 1st output is connected to the input of the current-electrical-potential-difference 
conversion circuit which consists of the 1st amplifier and the 1st resistance, and said 1st 
resistance generates the electrical potential difference which was grounded and carried out the 
multiplication of the resistance to reference current, and is inputted as an equipotential terminal 
of an R-2R resistance ladder through the 1st amplifier 1 time the amplification factor of this. 
[0017] The 2nd output of said 1st current Miller circuit is connected to the collector of the 2nd 
transistor used as the input of the 2nd current Miller circuit with the output of n pieces. The 
emitter of said 2nd transistor which constitutes the input of said 2nd current Miller circuit is 
grounded through the 2nd resistance. The 3rd transistor which constitutes the 1st output is 
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grounded with the 1st switch controlled by the 1st bit of the 3rd resistance and a digital input 
signal. The 4th transistor which constitutes the 2nd output is grounded with the 2nd switch 
controlled by the 2nd bit of the 4th resistance and said digital input signal. The 5th transistor 
which constitutes the n-th output similarly is grounded with the n-th switch controlled by the n-th 
bit of the 5th resistance and said digital input signal. From the 1st output of said 2nd current 
Miller circuit to the n-th output It is inputted into n weighting terminals 0 f a ****** R-2R 
resistance ladder. 

[0018] The output of said R-2R resistance ladder was connected to the noninverting input of the 
2nd amplifier, said 2nd amplifier inputted the output into the base of the 6th transistor, the 
emitter of said 6th transistor was grounded through connecting with the reversal input of said 
2nd amplifier, and the 6th resistance, the voltage-current conversion circuit was constituted, and 
the collector of said transistor is equipped with the voltage-current conversion circuit linked to an 
output terminal. 
[0019] 

[Example] Next, this invention is explained with reference to a drawing. 
[0020] Drawing 1 is the circuit diagram showing one example of this invention. 
[0021] It connects with the input of the 1st current Miller circuit with the output of two pieces 
which constitutes the current of the source 1 of reference current from transistors 2, 3, and 4 and 
resistance 5, 6, and 7, and it inputs into the current-potential circuit constituted from the 1st 
output of said 1st current Miller circuit with resistance 9 and amplifier 8, changes into an 
electrical potential difference, and considers as the reference voltage of the R-2R resistance 
ladder constituted from resistance 24 by resistance 29. 

[0022] It is Iref about the current value of the source 1 of reference current. It carries out and is 
Vref about the electrical potential difference of the output of a current-potential circuit. It will be 
set to Vref -R9xlref if it carries out. 

[0023] Next, the 2nd output of said 1st current Miller circuit is connected to the input of the 2nd 
current Miller circuit which has the output of n pieces constituted from resistance 19 from a 
transistor 14 and resistance 15 from a transistor 10, and the output of n pieces is inputted into n 
control current terminals to said R-2R resistance ladder with a switch 23 from the switch 20 
controlled by the digital input signal, and determines the output voltage of an R-2R resistance 
ladder. 

[0024] When the criteria resistance of an R-2R resistance ladder is set to R, output voltage VR- 

2R of an R-2R resistance ladder is VR-2 R=Vref-RxIref x (Zn+ - +Z2/2n-l+Zl / 2n). 

Zn The n-th bit substitutes 0 at the time of 1 and OFF at the time of ON. It becomes. 

[0025] The output of an R-2R resistance ladder is connected with an amplifier 30 and a transistor 

3 1 at the input of the voltage-current circuit constituted from resistance 32, it connects with an 

output terminal and the collector of a transistor 3 1 constitutes a current-output mold digital to 

analog circuit. 

[0026] The output current lout of this circuit It can be found by the following formula. 
[0027] IOUT -VR-2 R/R32=(R9/R32) Iref-(R/R32) Iref (Zn+ - +Z2/2n-l+Zl / 2n) 
The current-output mold digital to analog circuit which carries out adjustable [ of the output 
current value ] between ISmicroA and 30microA is considered by the digital input signal of four 
bits explained in the conventional example. 

[0028] The maximum current value A of 30micro of the output current can be first found by the 
following formula. 

[0029] lout =(R9/R32) Iref - it will be set to R9=60Kohm and R32=120Kohm, if the current 
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value of the source of reference current is set to 60microA here and output voltage of a current- 
electrical-potential-difference conversion circuit is set to 3.6V. 

[0030] Next, the minimum current value A of ISmicro of the output current can be found by the 
following formula. 

[0031] lout =(R9/R32)Iref -(R/R32)Iref (8/15) 

It is set to R=16Kohm. Moreover, the resistance which constitutes current Miller circuit serves as 

5Kohm, and is a value which is satisfactory also as for an activity by IC. 

[0032] 

[Effect of the Invention] Since this invention enabled it to decide the current value of an output 
terminal to have explained above regardless of the current value of the source of reference 
current, even if it can set the adjustable range of the output current as arbitration and the number 
of bits of a digital input signal increases, also to adjustable [ of the very small range ], the 
number of a transistor and the value of resistance can be made small and it has the result that it is 
effective to the cutback of a chip in IC-izing. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram of the example of this invention 

[Drawing 2] The circuit diagram of the conventional example 

[Description of Notations] 

1 Source of Reference Current 

2-4, 10-14, 31, 36-37, 40-44 Transistor 

5-7, 9, 15-19, 24-29, 32, 38, 39, 45-49 Resistance 

8 30 Amplifier 

20-23 Switch 

33 Input Terminal 

34 Power Supply Terminal 

35 Output Terminal 
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